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We, AiBTAtLGBSELLSCHAPT AKTIBNGE- 

SBixscHAFTj a joint stcxrk Company otganised 
under the Laws of Germany^ of 14, Bieixcetweg^ 
Frankfurt, Main, Germany, Tob Stbbl Com- 
pany OF Canada Limttbd, a ConoLpany or- 
ganised under the Laws of Canada, of Wilcox 
Street, Haxnilton, Ontario^ Canada and Pick- 
ANDs Mather & Co., a Corporation orgamscd 
under the Laws of the State of Delaware 
United States of America, of 2000 Union 
Commerce Building, Cleveland, Ohio, United 
States of America, do hereiby declare the in- 
vention^ for which we pray that a patent may 
be granted to us, and ihe method by which 
it is to be performed, to be parcicularfy de- 
scribed in «nd by the following stalsemoit : — 

This inventiDn relates to electric exc steel- 
msLking and is particularly directed to a meth- 
od of continuously cbargmg itonrbeaiing mat- 
erial into an electric arc steehnafdng furnace* 

Conventional electric arc steehnaking fur- 
naces, such as the Heroult direct-arc type, util- 
ize scrap metal as mehing stock whidi is top- 
charged or door-charged into the furnace. The 
charging of scrap materials into the furnace 
necessctates, in addition to the initial furnace 
charge, from two to as many as six scrap 
recharges in order to obtain the desired final 
m^^ diarge weight in the furnace, the number 
of recharges requked depending upon the size 
and shape of the scrap used. Prior to each 
recharging of the furnace with scrap, the power 
18 shut oS» the hot electrodes withdrawn and, 
in a modem top charged furnace, the roof 
lifted and swox^ to one dde. The scrap charge 
is then placed in liie furnace by means of 
a drop-bottom bucket or the like whidi is 
brought to the open furnace and held in posi- 
tion over it by an overhead crane, this m^od 
of charging scrap to the furnace heretofore 
having been considered to be the quickest and 
most efficient tedmique available. The time 
i»ken to complete a rediaige of scrap varies, 



a cbAT g in g time of from 4 to 7 minutes beii^ 
nonnal for a modem aceelmaking furnace. It 
is evident that eUmination o£ these intemq)*- 
tions for recharging bam the steehnddng se- 
quence would result not only in shorter heat 
times but also in reduced energy consumption 
per ton of steel produced since consid^uble 
heat lost from the furnace chamiber by radia- 
tion whsR it is opened to receive a scnqp dhv^ge 
must be subsequently recovered. 

In electric-arc steehnaking furnaces^ the 
electric current passes through one electrode, 
across the arc created between the foot of 
the electrode and the snrap or bath, then 
througih the scrap or balii and up across an- 
other arc to an rajacent electrode, completing 
the circuit through this second electrode. The 
arcs cmistitute a vaiis^le resistance in the dr- 
cnit wfaidh can be altered by racing or lower- 
mg the electrodes to change the axe length, 
the electrodes being moved up and down by 
automatic means whtdh seek a predetermined 
position and "dierefore correct resistance to 
maintain the electric current and applied volt- 
age at the value chosen by the furnace opera- 
tor. Because the scrap tends to fall against 
the electrodes as the electrodes bore through 
the scrap charge, the arcs are frequently short- 
circuited, resulting during the n^down per- 
iod, in effect, in a series of short circuits; 
Le, one or more of the three phases of the 
furnace transformer secondary drcuit is short 
circuited. Arc energy intermptions resulting 
from these short circuits normally are bride 
in duration being in the order of a few seconds. 
JSomm, intexruptions as long as 30 seconds 
sometimes occur if the electrode is ahoit-dr- 
coited by scrap falling against & at a pomt 
some distance above the foot of the etecmdc 
necessitating pulling the electrode out erf the 
bore cavity to a point just above scrap before 
effective power can be resumed. It is clear 
that eltminaiioa of these frequent power inter- 
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ruptioiis by stabilimg the arc during tbe melt- 
derm pcrod of steelmakmg W)iild resi^ m 
emplo^i of a higher averse electrial 
energy input and realization of a snorter Heat 

^ '^'^ventional clecirioan: furnaces fomifih 
most of tbe heat for melting scrap by means 
of a diiect-arc f ormed between each electrode 
and scrap material. , 

10 The electric-arc provides a voy ifffense 
source of high temperatiHe heat (6300°F. for 
the carbon arc), heat being radiated from along 
the length of the arc and generated at tne 
interfaces of arc/metal or slag, and arc/elec- 

15 tiode. These locations of high temperatmre re- 
ferred to herein as the "arc flare zones nor- 
mally occupy positions at the foot of each 
electrode flamg away from the edge op^arte 
to the fdmace centre toward the wall of the 

20 furnace and arcing downwardly to ffie bath. 
The rate at which a given charge will absorb 
the heat from the Arec arc flare ^ooes js 
largely dependent upon the area of cold metal 
exposed to the radiation from these zones, me 

25 rate of heat transfer diminishmg contimwusly 
as the average temperature of the scrap 
rises. After meltdown, the energy dissipated 
by the arc zones must be decreased in order 
to protect the refractory side walls and roof 

30 in line of sight of the arcs from overheating. 
It is clear ^at the presence of means or^ a 
method of protecting the furnace refractories 
would permit full power utilization at all tmies 
durmg steehnaking with resulting shortened 

35 heat tunes, the time to make one batch 
(heat) of steeL . c ^ 

The steehnaking cycle consists of five opera- 
tions: the •'meltdown period" when the scrap 
is melted; "icfining period" when the impun- 

40 tics of the molten steel bath arc removed and 
alloying and deoxidizing additions are m^j 
*^pping period" when all of the mirfttn 
charge is removed from the furnace chambcrj 
''fettling period" when the furnace bottom and 

45 banks are repaired in preparation for the next 
heat; and "charging period'* when the scrap 
metal is placed in the furnace. Of these opera- 
tions, the rejSning period can be the most vari- 
able, the length of the refining period depend- 

50 ing upon the composition of the metal bath 
on completion of the meltdown of the saap. 
In that scrap is a heterogeneous material of 
variable and of times miknown chemical com- 
position, having hem collected from a multi- 

55 pUdty of sources, die composition of the melt 
bath at meltdown usually cannot be predicted 
with a reasonable degree of accuracy. For ex- 
ample, it is often found that the sulphrn: or 
phosphorus content of the metel at ^n^^^™ 

60 exceeds the amount specified for the fimshed 
SteeL In such cases, a lengthy steehnaking 
procedure known as the two-slag practice m^ 
be necessary to lower the content of these 
elements. This practice consists of shuttir^ off 

65 the power, raising the electrodes, badc-tiltmg 



the furnace slightly, end flien taKng tic dag 
off the metal pool through tbe charging door 
using a rabble. A second Mag is fliea made 
up by chai^g for exanqrie lime, pow^tt 
coice. fluorspar and sand to flie furnace. »Tlus. 
procedure can take from 20 to 60 minutes. 
It is also usually found that the carbon anrtent 
of the bath after melt down is either too hiffi 
or too low for -die grade of steel sp^cd. 
The carbon content is decreased in the refining 
period by maldbg additions of mm ore or 
Sn scale or by landng the badi witfa gaseous 
oxygen. The carbon content is increased by 
jnaking additions of coke, coal or grap^te to 
the bath. Dipping the graphite dectrocto m 
the bath is somedmes used aMough tMs is 
an expensive method of recarburizing the bath. 
The temperature of the steel prior to tapping 
must fall within a narrow spedfied temperar 
ture range somewhat above the liquidus tem- 
perature of the steel, partacularly the molten 
steel is to be continuously cast. It is evioenc 
that elimination or shortening of this pro- 
longed period of bath composition and tem- 
perature adjustment would constkute a very 
significant improvement in electric-arc steel- 
makmg* 

In addition to charging acrap metal to an 
electric-arc steeTmaking fbmaoe, q)ongc irqn 
has been used, m most cases, wMi poor lesultfij 
ue, longer heat times and in^er power cm- 
sumptions bemg necessitated. The reason for 
this is as follows: At the start. of mdtdown, 
tb5 electrodes first cause ibt scra^ hnmediately 
below the electrodea to melt mth the rrajftc 
that this molten metal in ifiowmg downwardly 
freezes on the cooler scrap lower in the fiimace. 
As more and more scrap is mrfted, a pool 
of metal collects on the bottom of the furnace 
and the whole charge then seems to melt from 
the bottom up. Witii a sponge iron <^rg^ 
the melting sequence becomes more diffiaiit 
in that sponge iron particles, probably due 
to tfiB presence of low temperature gangue 
components, tend to weld together under ^ 
application of heat f ormmg an impermeable 
and difficult i» meh: chister* Due to the anaall, 
uniform size of sponge iron particles, and m 
particular spon^ iron pdOets, these matemls 
pack tightly together when charged to the elec- 
tric-arc furnace. The 1^ in tb& fomaoe from 
either the molten metal or tte hot electrodes 
causes the outer layers of the sponge iron pile 
in the furnace to fuse, sealmg off and effective- 
ly insulating the sponge iron in the inttaior 
of the pile from rcceivmg heat directly. Smcc 
sponge iron is a poor heat conductor, me fused 
pile or duster metts slowly. It is eivident that 
a method for eliminating the formation of 
spOTige iron clusters would permit effective uo- 
mation of sponge iron m the electric-arc fur- 
nace. Sponge iron is a preferred ahemative 
to scrap in that it has a known and letatrvdy 
cons&tem chemical con4K)sitiorL 

In many direct reduction prooessmg plants 
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a considerable portion of the sponge iron pro- 
duced is finer than 3/16 inches and, in some 
of these plants, the entire output is very much 
finer than this size« When such fine sponge 
5 iron is charged to an electric arc steelmaldng 
furnace difficulty is experience in melting 
down the charge, particularly when the fine 
material constitutes more than 20 per cent 
of the charge in that die metallic fines tend 

10 to form a dosely packed layer of yezy high 
density In the furnace. Dnring tibe meltdown 
this layer acts as a barrier txTtioe mohm m&tBl 
£uxd slag fnxmed under the descending etec*- 
trodes with the result dmt, according to con- 

15 TOi tron al practice, an adverse mt^lripg condi- 
tion is created; ue. nnglritig of the charge from 
the top to bottom. In this situation, the arcs 
are exposed to the roof and to the upper 
coxurses of the side wall bricks with resiutant 

20 damage to the affected refractories. Also, 
under this situations the fines tend to fuse 
firmly uogether forming a very difficult to melt 
mass or cluster necessitating, as a result, a 
prolonged meltdown period -with attenc^t 

25 higher than normal energy consumption. 

Another disadvantage of fine material is the 
reduced yield that can result fnun its use. 
Some of the fine meodlic xnaterial dropped 
into the furnace in the recharges tend to float 

30 on the slag surface and if a ^ flushing opera- 
tion is performed at this time, the floating 
me^ may leave the furnace via the slag with 
a consequent serious decrease in metallic yield 
To overcome the above disadvantages, it has 

35 been conventional practice to cold or hot press 
the metallic fines into dense briquettes having 
a suitable size and ^pe* Briquettes give no 
problems in melting. Although briquetting 
represents a solution to the problem of employ- 

40 ing fines In ^teebnaking, it also represents ad- 
ditional cost both of capital to purchase a 
briquetting press and of operation to power, 
maintain and to man the press. A steeimaking 
procedure whereby metallic fines could be used 

45 directly in the furnace without a decrease in 
productivity and an increase in enetgy con- 
simqytkm is desirable in obviatix^ these capital 
costs. 

* Many techniques have been devised and at- 

50 tempted over the years to improve the openi- 
tion of electrics-arc steeimaking furnaces in- 
duding t!« charging of sponge iron into the 
furnace through holes provided in the furnace 
roof. Heretofore such techniques have not led 

55 to significant improvement in the steeimaking 
operation^ andj therefore, such methods have 
not met with ready acceptance and connnexcial 
use. For example, German Patent No. 
954,599, issued December 20, 1956, describes 

60 an apparatus for charging matpriiiig to an elec- 
tric*-arc steeimaking furnace, but does not give 
' sufficient operating instnictions to enable a 
steelmaker to carry out a process of concur- 
rently charging, mdtuqg and refining the mm- 

65 bearing feed. Nor does the patent teadi the 



optimum location of feeding iron-bearing mat- 
edaL For another ezample. United Staoes 
Patent No. 3,153,5«8, issued October 20, 1964 
teaches a technique for the feeding of sponge 
iron into an electric-arc steelmakmg furnace. 70 
Accordmg to this patent, an essential part of 
the operation is diat **tiiA arc should be covered 
by sponge iron and, titerefore, the arc scA- 
mer^ in the sponge iron". As mentioned 
previously^ this practice leads to the fotmation 75 
of chistexs which are difficult to melt and 
winch result in a condition of continuous el^- 
trical shorting of the electrode. Accordingly, 
the teachings of this patent are contrary to 
the process of the present invention which is 80 
found economically operative as will he de- 
scribed and claimed herembelow. 

According to the invention there is provided 
a method ^ producing steel containing from 
0.02 to 1.8% carbon from materials containmg 8S 
metallic iron, in an electric arc furnace^ com- 
prising forming a metal pool with a layer of 
dag thereabove in the furnace, and then conr* 
tinuously introducing iion-bearing material in 
small particulate form, into tiielaytr of dag 90 
above tiie metal pool at a rate controlled by 
reference to tiie dectrical power consumption 
of the furnace such that at the end tfS the 
introduction of die iron-bearing material the 
metal melt is substantiallv at the temperature 95 
required for tapphig the furnace and possesses 
the desired carbon content. 

Throughout the specification, figures relat- 
ing to oxygen refer to residual oxygjcn molecu- 
larly combined witii the iron. The initial lOO 
diarge of tiie electric furnace includes in addi- 
tion to the metai and iron^bearing material 
tEie^ necessary fluxing, carbon and alloying ad- 
ditives. It is not necessary that the discrete 
particles be present in tiie initial charge and, 105 
accordingly, the charge may initially be made 
up with only scrap metaL 

After tiie furnace is diarged, the dectzodes 
are positioned in proximity to ti^ charge and 
power is applied -to direct arcs from the elec- 110 
trodes to the charge to form bore cavities 
which consolidate therein to form a trefoil- 
shaped pool of molten metal having a slag 
layer. The discrete partidea of iron-bearing 
material are then continuously fed into the 115 
said pool at locations of the fiare zones while 
the power is continuously applied to simultane- 
ously melt and refine the charge. This con- 
tinues until the entire charge is melted and 
refined, the discrete particles nonnaUy consti- 120 
tuting up to .about 82 per cent of the total 
metal charged and in some cases constituting 
up to 100 per cent of the total metal chargeC 
The refined steel is then tapped from the zor- 
naoe before the total ena^ consumption 125 
exceeds about 700 kilowatt l^nrs per ton of 
the ^eSned steeL Thns, the steel is refined 
as it is meiked and while the continuous chsj^-' 
ing occurs so that no extended refining time 
at the end of the charging cycle is required 130 
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and no power mterrupuons « «"Pf«^,?f: 
Sveiy ^es are necessary, thereby «asurmg 
Sat tiL: total energy coiBiimpuon can be bdd 

Wow 700 kilowatt hours per ton even ifaouf^ 
5 SS^aboutl2.percentaf theuoncomp^^^ 

ton; not been rSuced to the metaibzcd state. 
Tbt l^ "sieelniakmg", where used herein, 

is intended to inchide making on i«'°-<^t»° 

aUoy where thfe carbon i» in the approxnnate 
10 range of &«n 0:02 per cent to 1.8 pa ^ 

and the o±er constituents are m a lefincd: 

''"SWerably the particukte km bMjrine m^^^^^ 

erial has a particle size of tiian 3/16 
15 inch, more piS^iy less than 1/16 ^ 

is present in amounts of up to about 80 per 

cent of die charge. . 
Discrete particles of iron-bearing materul 

nay be utilized such as sponge iron havmg 
20 a iLwh composition withm the appi^^e 

range of 76 per cent to 99.5 per <^^ °J 
wdgfat total iron havmg a residual oxygen con- 
tent of ftoin.^ 0.1 per cent to 1.75 per cent 
together with scrap iron and/or soap sted, 
25 alcsired, forthe production <if steel of prede- 
termiiJed cx)Ml>6sition* ^ 

The discrete particles of pamculate iron 
bearing material are prefcrab^ '^"""C^n^ 
fed iiTafter initial charge mehmg is substan- 

n"S&S,bodiment of the invention wm 
now be described by way of example, widi 
rcferMice to the accompanying drawings m 

35 **F&r 1 is a perspective view, pardy cut 
away! of a tfiree-phase electnc-arc furnace of 
the type employed in the present mvention; 

FiCTJC 2 is .a plan section taken along the 
line 2— 2 of Figure 1 showing the formation 

40 of bore cavitirii consolidated into a trefoil- 
shaped pool vritoi the furnace; _ 

^gure^ 3 is an enlarged vertical secoon takai 
along die line 3^3 of Figure 2 showmg die 
introduction of spoi^c iron m proximity to 

45 an electrode; ... - • 

FiEure 4 is a schematic dhistratxon, m part, 
of dK fuinace illustrated in Figure 1 sfapwmg 
the charging system for continaous feeding ot 
sponge iron to an open bath in *e furnace; 

«, Kiuie 5 is a flowsheet of a steclinakmg 
ajsum tisine the mediod of die present mven- 

Figure 6 is a graphical illustration of chwgp 
weight and power input relative to heat time 
55 for^jnvehtiohal electric steelm^ practice 
utilizing scrap material showmg mehdown and 

refining periods; ... 

Figittc 7 is a graphical illustration of charge 
wdriit and power input relative to heat tune 
60 fortite mediod of die invention utilmng con- 
trolled asntinuous charging of sprage iron pel- 
lets shijwmg meltdown and holding penods; 

""pigure 8 is' a graphical illustration of the 



affect of residual oxygen on furnace producriv- 

'^T iV reference characters refer to Ukc parts 
throughout die description of die drawm^ 

yjf^ particular reference to Figures 1 ^ 
4,™ kAodiment <rf die strucmre of^ 
present invention wiU now be ^^5*,^^ 
k furnace 10 has cylindrkal side watt Um^ 
imovaWe roof 14 secured to aims 16 
ing from mast 18. Anns 16 «^«da|*^S 
^ raised and lowered abwe ^ "^'^ 
12 bv a hydraulic or mechanical «y8«n*, n^ 
ZZ f^ m mast m l^^f^ 
24. 26 and 28 are each ««>"**e^ on maste 
29 30 and 31 by means of arms 32, 34 ana 
S'for independeidy raising and loweri^ eaj 
2? said^roto dirough opemngs f«med 
L roof 14 equispaced about die roof c^. 
Masts 18 and 29^1, in mm, are supportea 
^^ma 20 having rollers 22 for ^voting 
Zd platform abut its -^^J^IJ^^ 
roS 14 and electrodes 24, 26 and 28 to one 
IS of f^ce 10 for loading wftb scrap mat- 
erial and die Bfee diaige taafienalB. 
%S conduits 40742 »i 44 ^la^nnffttje- 
scoiic extensions 41, .43 and 45 'f^^ 
from and extensible into sltts^ ^ 
in stationary ducts 48, 50 uid 52 are m e«a. 
munication with openmgs formed 
nace roof 14 at points between elccteodes 24, 
26 and 28 respectively and fomace aide wau- 
IZ. Said conduits, sloping at im "^nB^V^f*" 
dian die angle of repose of die mateiud 
charged, in diis embodiment sloping at an 
S^rf about 40° to die horizontal, aiem 
^Smunication at dieir npper exomities w^ 
rcmventional splitter box 56 havmg gatmg 
aieans for independently regobtmg the flow 
of material to each conduit. Mechanical, w 
pneumatic or hydraulic piaton-cylmder umts 
58 oermit the extenaian and rrttactuai ot era.- 
duit extensions 41, 43 and 45 to and fenn 
dieir respective sleeve engagmg posinons. 
Bucket efevator 49 which rcoeivra sronge uron 
at a controlled ratt from woj^ feeder 51 
in communication widi hopper 53 contmuooiy 
feeds splkter box 56. , , j 

In operation, roof Il4 and dectrodea 24. 
26 and 28 are lifted and swung away tom 
the furnace 10 for charging «o die furnace 
of scrap iron and/or scrap steel togrther with 
fluxing; albying and carburizmg addmves, if 
desirA and saM roof and dcctrodes dien re- 
turned TO their respective operative posmons. 
It may also be desirable to add a TOrtian 
of die sponge iron to die furnace wrtii die 

" ThL^d^Kles 24, 26 and 28 arc lowered 
dirough dieir roof openings into pt«nmw t» 
the s^ap contained m lie furnace and a J^- 
teimined voltage apphed to each electrode 
c«S «i ^ bridges die q»aoe 

between the electrodes and scrap dietAy hott- 
iog and melting die scrap m proximity to 
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the aic As\ii& scrap mel^ find falls away 
£nmi tbe electrodesj an dectxical c(nxtrol sys- 
tem csnises the efectzodes to be reposkiorjed 
vertically an optxinuoi di8taii€& fe nyn th^ sczEp 
for mainteaanbe or re-ignitjitm ci the arc, as 
necessoryi and for mazfrnum production of 
lieat. The telectrodes liius independently bore 
throng the scrap nieltm^ the scra^ in proxim- 
ity diereto creating a cavity 60 having a molten 
metal pool ^ with a slag cover 70 therein 
below each ekctrode, the pools coalescing to 
f<mxi a generally trefoil-shaped pool centrally 
disposed within the furnace with a periphoral 
shell 71 of Iron-bearing maiierial forming a 
protective liniog for t^e furnace wall, as shown 
in Figure 2 and 3. 

The sponge iron charge 73 can be initiated 
at this stage, preferably into the area of the 
bath in pronnuty to and suiroundis^ the arc 
flare zone by li^cahs of conduits 40^ 42 and 
44. 

The rate of ^^n^tmuous charging of the 
sponge, iron fo Hit furnace is balanced with 
the power input ;azKi heat produced thereby 
to atuin the desQKd tap temperature with con- 
current achievement of the specified caibon 
content For example, we have found l^at at 
a power input of 7 A megawatts to a 25 ton 
furnace, a sponge iion pellet feed rate of 700 
pounds per mmute resulted in a 6^F. per 
mmiite &11 in batii temperature and a feed 
rate of/ 500 pounds, per^ resulted in 

a 7,5°F, per mimite.rise ifi bath temperature. 

The carbo^ con^t in the in^dal charge 



should be Biifiiripyfff to satisfy requkements for 35 
complete reaction widi the oxide content of 
die sponge iron and ensure die desired cad^on 
content m the finished steeL We have found 
that die reac^n of the caxbon with the oxygen 
available in the badi provides a vigorous boil^ 40 
iug action which gready facilitates melting of 
the sponge iron within die slag lay^, improves 
heat traiisfer tx> die molten nietal, and acceler- 
ates the refining of <die ^teeL 

In the dbarging of sponge iron to the pool 45 
or substantially open bath, we have also found 
that a thm dag layer having a controlled low 
viscosity can be maintained in the furnace for 
stabilizing the arc and permitttnjg charging of 
spoi^ iron to the flare areas wmh immeruon 50 
and rapid meltiog and coalescence of the 
sponge Iran VTidnn the slag layer and transfer 

d^ molten bon into the mderlying molten 
iron or steel by gravity. Control of the slag 
viscosity is important in diat a highly viscous 55 
slag impedes immersion of the sponge iron 
and retards melting and transfer of the molten 
sponge iron through the slag cover into die 
underlying molten noetaL It is deshrable to 
have slag cover of sufficient fluidity to enable 60 
the discrete charge material to penetrate the 
surface of the slag for melting and Golutioniz- 
ing therein aided by the carbon hoU. ias is 
discussed above^ and to avoid the formation 
of €i cover of sponge iron on die slas, 65 

T^ically, the slag anafysis ootud be repre- 
sented by the following raiige and example 
of a heat with slag widiin the range: 







Range 
(%bywdght) 


Typical SlagEzample 
at Mdtsdowa (% by w^ht) 






2.0 — 40.0 


^.84 


* 


Ai,o, 


0.0 — 20.0 


6.28 






1.0 — 50.0 


17.40 


* 


MgO 


0.0 — 


23.84 






0.0— 2.0 


0.09 




Feb 


3.0 — 40.0 


14.64 








4.91 



70 ilie ai^ basktcy rado of typical heats is 
in the rang^ 1.0 to 1«5. Hie basicity of the 
typital hieat cKazhple givein above was lA^ 
ratio of "I>«ffi^ to ^^ci<fe" was ll, 
Xxiw (basicky of die slag not only decreases 

75 the viscosity erf the slag but also creates poor 
sSiSCXilcel conductivity condidons so that the 
arc' tends ^ be buried within the slag layer, 
lliis ptaniks high used with less 



danger of ovezheadng the side walls £rom an 
exposed arc. 

Tb^ slag weight in a typical heat ranges 
from 100 to 125 pounds per net ton of steeL 
This is significandy bwer than die approxi- 
mately 150 pounds per ton of steel made from 
a charge of 100 per cent scrap. 

The slag usually comrs the metal bath to 
a depdi Yif about 2 to 3 incbes in prdqp 
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nS^ly effect!^ -n-lts have b«n at- S^a^T ^i^A^ .. 

mhe^tfrmiiitmow^^«^^ ^uS^^^Mons by weigto of «poDBe 15 



CHBMlcaL ANAtYSBS OF SPONGB IBON PBLUTW W % WBIGBT 



Total Fe 

Mctaflic Fe 

Iron Oxide 

C^gen. in 
, liian Oxide 



A 
92.80 
89.94 
3.68 

0.82 
O.69& 



B 
87.70 
82.54 
5.17 



C 
78.70 
72.73 
7.68 



D 
90.85 
90.20 



E 
97.09 
94.11 
3.63 



F 
94.39 
91.35 
3.24 



G 

83.2 
7.86 



O.dOB 



0.32 
1.47 

0.60 



1.15 


1.71 


0.10 


0.85 


0.72 


1.75 


0.409 


0.125 


0.15 


0.194 


0.42 


0.19 


0.051 


0.014 


0.008 


0.029 


0.010 


0.042 




0.046 












10.9 










1.35 


0.7 


0.60 


0.^ 


0.76 


0.20 


2.52 


0.7 


2.40 


0.58 


0.64 


0.56 


4.84 


1.2 


2.04 


0.50 


1.86 


3.38 


1.87 


5.4 


0.96 


0.56 


1.00 


0.17 




0.5 








4.60 


0.10 








^.1 


92.4 


99.28 


97.0 


96.6 


94.3 



GBrbdia' 
Gengtie 
. Siilpbur 

Fhasphoras 

Tiiank 

Ljme 

' AEonnna ' . 
Odter Gan^e 
% Metaliiz atiMiL. 96.9 



2b ait ni«cd,;unpieparcd pitmal and aboot P^U^«^SSe the slag. If mounds of 

35 per cent heavy melt material. . •"^'7~ ;«« covers, start to zcaixaor 

Oabm mm m thte form of petroleum P«="«^*'*;.S^~ *falW^ in order 

' ^dS Syaviilability, and lov. cost) « bath ttm- . 40 

: > m addeid ^ the initial charge to provide J^^^^fTaSSaWMOO poonds of 

^ . carbon f* ,tj« boil thr^ S^ta1?hS^ed,^the t^SS^ 

to enrate suflSdent cwbon m the bath at the ™^ ^ ^tanged to produce a 

^"^Sl^WislU^y-lted^ing ^°Sa«^ 
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10 



peratnre near tfae t^itig range for cmtinuous 
casdng of about 295(F to at iht same 

time as peOet feeing is complete 

Diidoig a iKot^ metid batb san^les 
iii order isb follow the caxbon drop of the 
xndl; it bein^ desirable to hare the hadi carbon 
within tipping range at the same time that 
the bach tempexatme approaches the tapping 
rai^ A find bath -sample is taken after the 
pellet feed is complefted. 

No conventional xefining period is required 



and the heats are thus able to be tapped as 
soon as die chemistry (rf ihe final sample is 
known. Because no su^hur or pho^oms 
problems general]^ ate t^icountezed with the 
iron-beaiing mateiiab used^ it is possible to 
make tfae heats wxdi no lime or limestone addi- 
tions to the meltdown slag or remove tfae melt- 
down slag and replay it wlib a second slag. 

Steels were made to the following spedfica- 
ttonSj with the iotennediate 32 and 28 rem- 
forcing bar grades predominating : 



15 



20 



Grade of Sted 



Range in Percentage by Weis^ of Sted 



Si 



Mn 



Intezmediafte 32 0.30/0.34 0.15/0.30 0.45/0.85 0.050 Max 0.050 Max 
Inteime^^ 0.^/0.32 0.15/0.30 0.45/0.65 0.050 „ 0.050 „ 

Am/CAS^ 0.15/0.30 0.50/0.75 0.045 „ 0,040 „ 



Ejcamplb 1 

25 An initial charge consisting of 6^(!^ pounds 
of scrap and (12,400 pounds of sponge iron 
pelletB of the compo^on described above as 
tyi>e "A" tdgeflier vwA,^^ pounds of peitro- 
leum bake were diaige- to tlie 15 tsm **A" 

30 fninaoeL The electrodes, were lowered and 
jpower applied for 24 minutes which resulted 
mVthe fayriTiation ef a pool of mohen metal 
th^rdiL Spo^ irai P^%s; essentially spheri* 
calvm 'shape :nid haymg 'a siize xange -of from 



5/8 to 3fll6 indiesy were then introduced 35 
through three conduits at locations near the 
arc fiare zones at an average rate, when charg- 
ing of 400 pounds per minuce until a to^ 
of 14j000 pounds of pellets from continuous 
charging weze in the furnace to make a total 40 
pellet diarge of 26,400 pounds w Z15 per 
cent of the metallic charge. Table I iliustrates 
the time required for die steps of continuous 
charging, meltiog and refining tfae acrap^ coke 
and sponge iron pelto. 45 



Ta^ I 



Operatmg Step 



Time Elapsed — Minutes 



Power OIL 0 

imticttum of controlled Pdlet Charging 24 

AU Pdlels Qiarged 69 

Tap 84 



_ cdns^ was appiokiniattljr 580 
KWH/tim of isteel tapped; A ccmiparable heat 
time for ni^ting and iefimag an all-scrap 
50 charj^e in ihie same fumaoe^ according to con- 
ventioiial pracdce, was 1^1 mhmt es wid i an 
txt&tgy consumption of about 640 KWH/ton 
of steel tapped. The difference in power on 
to tap time repr^smts a decrease time of 47.8 
55 per cent in favour of heat made with 
spooj^ ircHi peltets. 

V. i . Example 2 
'nils' es^pk:iUu5trates die operation of 
th^/mmitioxi wl^vebi qpoQjgje ivon cfaipSj 



less .than 3/16 inch, materiai having the com- 60 
position described above as type "B", were 
fed continuously into tfae 25 ton **B" electric- 
arc furnace. An initial charge consisting of 
10^000 pounds of steel scrap and 20^400 
poimds of sponge lion cfaips and 430 pounds 65 
of petroleum coke were placed in the furnace. 
The electrodes were lowered and power ap- 
plied for 32 minutes for tfae formation of a 
pool of molten metal before sponge iron chips 
were introduced via the special charging ap- 70 
paratus at an average rate of 5O0 pounds per 
minute until a total of 25>000 pounds of 
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20 



iron from am^a^ SL^SS^fo^SsS^Sf Si^S^ 5 



f ABLS n 



Operating Step 



Time Bapscd — Minutes 



Power On 

lTiiti >riftn of Controlled Omtging Chip 
AH Chips Charged 

Tap 



0 

32 
99 

138 



i f'EieiOT' wa^ approximaMy 560 

KWH^QXk of stt^ tapped. The production 
rate'was 10.6 tons of steel produced per faour. 
Ctopawlile energy co^ ^^f"^^^ 
tivity f or meltmg and refining an all-scrap 
. chai^ on the 'same "B" 
to conventional practice were 570 KwH/ton 
of steel tapped and 83 tons of steel produced 
per hour respectively. The productivity of the 
fiirnace was increased 6y about 28 per centi 
thriAigh the use cif cbritrolled, continuous feed- 
ing of sponge ircm drips. Productivity is 
defined as the production per umt of total 
furnace time, 

This\ a:fliiipl^ illiteates the operation of 
: ! lii ,1^^ wherein sponge 

■ iroii of tyii "C" WiA hi^ TiOa dcmtent and 



scrap of the type stated m Example I were 
fed to an open bath in the furnace. An inm^ 
13 JOO pound charge of scrap, 4,900 pound 
ch^ge of the pellets and 400 pouncb charge 
erf coke weie f ed to the furnace. ^Tfc ^^^ftrodea 
were lowered and powo: applied for 26 
minutes until the formation of the trefoil- 
shaped open bath before sponge iron pellets 
were introduced tinrough three conduits at lo- 
cations near the arc fiaxe zones at an avctag^ 
rate of 420 pounds per minute until a totol 
of 19,000 pounds of pellets from contmuous 
charging were in the furnace to make a total 
pellet chargp of 23^00 ponnds or 
^t of the mctalUc charge. TAle in illus- 
trates the time requited for the steps of diarg- 
ing, melting and refining the scrap, pig iron 
and sp<mge iron pellets. 
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Table III 




Qperalting Stsp 


Time — Minutes 


Power to Electrodes 


0 


DMdatian of Pdlist Charge 


26 


AH Pdl^ Charged 


71 


Tap 


95 



55 

'■'f'\< 



EmiOT 'cndswOed a'pproxiinately 712 
KWHAwi of. SB?«4 ^PPf^ This veiy rta- 
ionahle power omsumptKHi cansiOemig that 
ttui iDBtcrial contained a Kfeh ganpue con^t; 
i e 193 per core, and a combined oxygen 
content 1.71 per dsnt. afaolw the prrferred 
range rf 0.6 to 1 .2 peir cent 

A cbmparaible heat tune for mehing and 
refining a sunOar type <rf scrap, as used m 
E»m*le 3, acdording to' oooventiahal practice, 
waa 171 niinuiM with to enorgy consumption 
of ^52 KWH/tbii e^^^ casB 



a widespread opinion that titama-*canng mat- 
erials aie not amenable to stechnatn^ process- 
ing. However, we found that satisfactory idtara 
cmid be produced according to Oe nnfflioo 
of the present mTCntion wtth optimum melting 
and refimng of Hie sponge iron fed thereto 
at a reasonable enogy consumption rate. 

In the three foregoing examples a wgorous, 
steady boiling action took place 
thioughout penet feeding. This boilmg action 
sieniBcantly improved heat transfer Mid pet- 
nOtted the sponge pdlets to toe leadi^ ear 
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gnlKd by slag, thereby increasing their rate 
of aooeptanoe by the baih wltiunit the midesjr^ 
foscmation of floating mnwidg or dusters 
of umne&ed materiaL 

Hkamplb 4 

Tbia erample iOnstrat^ the operation of 
the method of the present inventkn at -At 
lower residual oxygen <»mteQt lev<d of 0.1 per 
c^t whoein spcaige Iron havmg the anafysis 
of type ly* in the sb&vt table uras fed mto 
the furnace. Hie initial charge consisted 
of 9^000 pounds at tcxap^ 200 pcinads of oske 
and 12^5 pounds of peuet^ 

ti» elecirodea wa» lonm 
plied for 27 nnmites befdre. startiiog to feed 
pdUra into tlie arc fleece zonesL After the pellets 
wexe.feid fo^ a few nmmtes at a rate' expected 
from pieyickis tests te give the deshed xesul^ 
t^. .450 pounds per nuxrute, it was observed 
that the pellets tended to accumulate in 
moimds and die rate of pellet addition had 
to "Be d^o^ed to ^0 pounds per ritfiiuf^ 
to bakmice the rate of feeling wi± the rate 
of mdii^ of the pellets. With diese highly 
me^Hzed peltete no boil occurred in the (bath 
and ' the' soidtidzuQg of the pellets in the slag 
was retard^ The ^'np-boii^ conditiba of the 
batii and pellet bu£id-ups near the 
caused irregiikr eiddy cttrrenGs to be created 
in the bath. These in turn produced waves 
on'ilie surface of tiie balhy caiising tiie arcs 
to altecdaftely extinguish and re-Ignite fre-^ 
qucntly. The overaU eoer^y input was, there- 
fbr^ lower thito mttmal, ms&mg it nedessary 
to fmhtt- lowier the riate of pellet feed to 
obtain the coxa^ temperature vise. The heat 
tiraes^lTT minutes, M power consumptIon> 
635 KWH/ton of st^ tapped, were compara-^ 
ble with that obtained hi conventional practice. 

It is evident, fcQia Example 4 and to a 
les^ extent from ExainpleT, lhat there are 
limits . to , the an^unt of combined os^gen 
wiudi^^ can ^ b^ in the sponge bran, 

if a oofitplgtely coittrbUied, contunmus sponge 



iron pellet charging practice is to be acheved« 45 
Ecessive amounts xeddual combined oxygen 
as bxm oxide may lead to too violent balb 
acdon and too hlg^ a carbon consumption, 
thereby necessitating time consuming recarbur^ 
izing operations in the refining period. On 50 
the other hand, the use of spcHige contaimng 
insuffident amounts of residual combined oxy- 
gen a highly metallized sponge) may pro- 
duce a flat bath or *^ hoiV* comiition which 
hinders pellet sohitioning in die slag layer* 55 
If highly metaUized pellets are inadvertently 
produced, they can be used more effectively 
by a method of the present invention by f eed- 
jng> simultaneously with the pellets, iron oxide, 
such as miUscale or fine iron ore to make 60 
up the deficiency in combined oxygen in the 
hig^y metalUzed sponge iron pellets. 
Example 5 

This example illustrates the operation of 
the present invention wherein sponge iron hav- 65 
ing the analysis of type from the labove 
table was fed into the *'B" furoaoc. Tliia 
sponge was in a granular form with 97% pass- 
ii^g ^ough a 10 mesh screen^ ue. havkig a 
particle aize of minus 1/16 inch. 70 

iThe initial charge consisted, of 5800 pounds 
of scrap, ^500 pounds of pig iron and 11^100 
poimds of sponge. Power was applied for 47 
minuts and continuous feeding was initiated. 
Granular sponge was fed to the furnace at 75 
an average rate of 438 pounds per minute. 
During the feed periods, the slag tended to 
foam and rise to envelope completely the arcs. 
This foaming condition, probably due to iron 
oxide reduction within the slag layer (it being 80 
Tirtually impossible for the gr^ular sponge 
to pass completely through the slag), prodt^ed 
the desirable result of effectively insulating the 
arcs and thereby eliminatihg refractory bum-- 
iiig^ 85 

Table SV illustrates the rime requked for 
-die stq>s of charging, meltang and rtGs^ 
the acn^, coke and sponge ircm. 



TiUBU IV 



OpGcaiix^ St^ 



Time Elapsed — Minutes 



Power On 0 

iioaaatiiin rf rhntiritai! .^pwiy <>y»gSffg 47 

AD Sponge Charged 111 

Tap 139 



90 Ti te. .mg tOT oihsmned/ms i^prokirQately 
540 jk\^Jd/taa of steel taliped, irfridi was 
oon^cterably b elow tii e average ^lergy require^ 
meat ,,<rf 570 iiLWJt^aii forV att-sorap hea^s 



energy consumption in the heat made with 
llie granular sponge was due to tiie foamy 
dag which led to decreased heat losses from 
the metal bath. Steel productivity in the heat 
was 11.4 tons/hour or about 38 per cent 



95 



io 



ereater thaii Ae pro&tctiivi^ «f tte average 
aU-6CMp lieat of 8.3 tons/hour inade in the 
same fuioaoe. 

EsAMFUBtf 

An initial cfaaige of 13,500 poini^of scrap, 
4700 pounds of pig iron and HJBOOpovi^ 
of sponge iron pdkta trf tlie ainipMition dts 

"B" funuux. The electrodea were lotrainl and 
pdva applied for 24. minutes for fownation 
,6f a bath of molten inetal brfore a mni^ 
(d sponge iroaa pdlets and chips of troe F 
^jeieinnodiiced in the manner described above 
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at an average rate of 383 pounds per nun^ 
until a total of 23,000 pounds of peDetsfflad 
chips from continuous chargmg were aiuo- 
daSk to make a total sponge cto^ «^ 
36,800 pounds or 69 per cent of the o>Bt^ 
vield of 52,000 pounds. The sponge iron <aft- 
Kted 70 per cent pellets widun ti»e size 
SS^of frL 5/8 i^to 3/16. mdi and 
30 per cent chips having a partide size sni^ 
than 3/16 inch. Table V illustrates lie tune 
required for the steps of ch«g«°e. "oelo^ 
ai^ refinmg die scrap, pig iron and sponge 
iron pellets and chips. 
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Table V 




Opecfitiz^ Sitep 


Time — Minutes 


Power tx> Electrodes 


0 


Jnitiaticiii id* F^tet Chaste 


24 


Au Pdlks Oiaised 


69 




87 



, l^ffitgy consuiinptiffli was apprbxinia^ 555 
KWH/t(m of steel tapped at a power mpitf 
<rf 7.1 megawatts j producnvily being 10.4 
tons/hour for an improvement m producovity 
of about 25.4 p« cent relative to a ajinparable 
jOl^p heat of «.3 tons/hour. A foamy slag 
about one foot thick wfts generatol m j^ch 
loratifio of the cfflitinuous sponge feed eHcc- 
tivelv bittving the electric arc to i^event re- 
fractory burning and in^oove beat transfer 
to die sraoan. Tbc mdting rates witii foamy 
slags indnrtd 1^ ^le eontniiions feed of fine 
iizcd MKiniEe irbn'was abbut eqiM to tte inelt- 
S«»^^taiied by tlie,fee<cb «f. 1^,^^ 
■J the diogy cotoumpucm'wias entuu^^ A ?enes 
of trial nms. indicated an energy dw^wnpflon 
of 539 KWH/tbn tapped, corrected to 523 
ICVN/ton, can be (Stained widi the coutroUett 
afetinuous feed of fine sized spwigc iron. 

The examples described hereinabove show- 
ing the reduced energy consumptions attaina- 
ble with the present invention were conduCTed 
in 15 and 25 ton furnaces, * A" and B , 
rwecOTety. It wiU be evident that^^wed 
co&iMpiionS low as 350 K^/ton 
-Smiiict bdld cfiargttahd 250 KWH/ton 
of Wdnct widi the use of hot metal or the 
ineheating of the charge eonsticuenta may be 
rttained with furnaces ef increased capacity 
as compared widi .400 KWH/ton for all scrap 
charges. F<tf ^rampk^ iron-beating maternk 
such as spraige am in the form of pelkts 
introdured into the furnace can be heated m 
a neutral atmosphere to a ten^jerature below 
die melting point of .die peUets prior to chaf- 
ing' to toelerate n«l^ of die diarge wiaun 
tbe'fDridiaide. 



Fiaure 5 exemplifies a stechnaking systan 
otiliTing the method and a»a«tus of^^ 
present invendm wherein mdt furnace A 
is arranged in series with «ie or i»«f refim^ 
funiac^ "B" such diet furnace «A" which 
receives scrap metal and a «J*°°^^°f 
material such as petroleum <»»_^™^ * 
molten metal which can be tranricned to lor- 
naces "B" by ladles or the bke coofCY^ 
means. The hot metal forms an open 1^ 
in each of funuices "B» and, afo^ a ^t>^ 
dag blanket or layer has been fonned, the 
iron-bearing material such as sponge jron pi- 
lots is continuously fed to the slag blanfc^ 
preferably in proxhnity to arc flare ame 
Ld parUy mSroundiig it, for .Jn^S^aad 
tefiniSg as described hereinalwve. The r^ 
steel OTi be poured into moulds or into contan- 
oous casting units. . 

The present invention provides a number 
of important improvements m electnc-arc 
steehnidng. By charging the *«i«ft«»^^ 
in the cMiventlonal manner, and by fcedms 
the remainder of the metallic diarge as roonge 
iron pellets through the torf mto tl« ax^ 
of the arc flare zones, a 'SSS 
in heat time is realized such diat productt«Qr 
of the furnace can be increased by more thm 
25 per cent vrith, in some tests, mcreases c£ 
up to 60 per cent being adueved. 

The increase in productivity made possftte 
by the controlled continuous chaijgmg mrthod 
<rf the present invcniaon, as mustrattd m 
Figure 8 wherein productivtes of the scwHal 
hOTi-bearing materiab treated an furnace B, 
SS^y typls B, D, E, F and G, are ilhist«^ 
relative to their respective residaal oxygen con- 
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tents and conqwied mxh comesdonal treat- 
xneot of scief, msj be loidastood iwith xtSex- 
ence to tiie BcfaeniBdc gnfbs shorn in Fignies 
6 and 7 from vUdi it will ha evident diat 
use txf tte psessBDt usmitkm for feedibg 
QiQDge irQia at a cootrdlledj outtinuovis fate 
meltdowii eliminates die need for mak- 
ing xecharges of scrap to attain tte ideaired 
final ^weight of mstaL By this practioe the 
loss in operating time which accmes- dnring 

lediaii^ and also llie loss of beat energy 
from the furnace inten die roof is xenioved 
sure avoided* The eKmiifation of xediaig^ is 
w in^kdrtant in^jatmm^ in electtiic arc steel- 
inaking, the rewards fadng shorter processing 
time widi lower electrical ^leigy con^imption. 

When die scnm has bem melted suffidentlty 
to prcrvide trefoil pooh of metal around tte 
electrodesj and ymen coBo^nSkid^ oontiniKms 
pi^Qet chio^ng is osnmenced at a rate where 
tte pelletB are ^dcsn: quiddy into sohxtioa in. 
ite dag and a regolffl:, oootr^kd bba. difi^ 
established^ tte eicB beodme 8td)ilizeid and a 
hightt .pow^sr jcpdt doL te addeved di^ to 
die ^m&oim energy demand created fay ite 
^teiuly ^^ream of kcoioong spong^ peUets. 
llie^ diSei^^ input pmmtDsi in 

coOTentin scrap ptdhks& wtim erratac flno- 
timtions in etectsic povi^ icipik aie a normal 
occurrencej Figure 6^ compared widi die inedi- 
od of tte present pracdce wlid^e vexy steadr 
high power infrnt is posabl^ Vigm 7» will 
, also te evident. 

An advant^e of this improvement in elec- 
ttl<>arc gteelmaldiig as that widi a i^gjher and 
niunre umfotm power inpixc to die Ibmace tte 
time reqpu]^ to xiKlt ite iltuge is ahorteoi^ 
axid die ainordixt cf diadt-bxe^ser ma&ctenance 
is d«3;ieasedL A finiter advanjii^ of smalkr 
sp^^ ia may be xieafisaed in tte'se fur- 
nace Ideations where tte dectncal pbwer 'com- 
, panfes (d)}ect to tte TnavimntTQ swings in' de- 
'[0)and and-ii^sist upon addrtional •r&tctlEtnce hi 
die primary ctrcuit to dampco. ihesb "S^^gp^? 
In sudi localities die use of controlled^ ckxntin- 
lions ^onge iron pdtet feedtpg dbviates sudi 
limitafsons to foniaoe power input A farther 
signMcajit advamage from havdng ^ stabilized 
arc is tte qmeter opaiation which is of con- 
sider^3le impor t an ce to tte mi^ititig step pies- 
sonnd- 

llie life of tte fmaiaoeTirefiactories aire en- 
hanced vitiax iiSng oQntroUed, coiatiiiaous^sd^ 
.let chaTgfng, Tte cmtam of failing sponge^, 
'bon in prcQLhuily to and pardy ainoundipg . 
die art^ shovRDL most deax^ bi Fffiur^ 2 and. 

cfiectively aiiields die wa^ aiid roof from 
tte iobense teat of tte ate flaxe zones, lluis 
'.^ ^ spibmige iroud is temg fed into ^tte 
lOcatLaos 'described herem, inoazimum |»nyer 
settings may te employed widiout fear ^ ser- 
iously daimgrag die furnace refractoxte. We 
have also found that tte utilization of fine 
J iroii bearing m^feiiBliyt^ cter^j 
sudi as'desicrftuui in Exaibt^ilc^ 5 aiid pezinitB 



tte' Goii^rotbd generation of a foamy slag 
which envebpes die arc for improved teat 
transfer and reduced en^gy consmnptions at 
Mgh power ix^nts while protecdng the refrac- 
tory Imxng finni la^Uaast 

'In many areas whete electrio-arc furnace 
steehnaking shops ate locate4 tte quality of 
tte acrap di^ is avdlable is very poor; 
having an imknown and highly variable com- 
position. In these areas^ it is- particularly de- 
sirdile to hav^ in adc^tion to the scrap as 
Tnp.lring stock, sponge iron having a known 
cbmpbi^tion with a low tramp elemjent conteoit. 
Tte use of tte present invention has proven 
to te an effective way of utilizing spozige oron 
in arnonnts of up to at kast 80 per cent of 
Ite charge without encountenng the problems 
of duster formation normally assodidsd vrith 
sponge iron. This is an hqportant advantage 
ftf dtt present Inveoticm. 

Anodier hnportant improvement m electric- 
arc gteelmafcing realized in: using die present 
invention is the virtual elimination of die 
tefimng period. The high punQr of tte sponge 
Ircm pellets allows^ as socm as aH of die charge 
i& nodted^ tte production of sted having a 
sulphur and phosphorus content bdow the 
specked - percentages for commercial sted 
grades. Tte controlled, continuous feeding of 
spongje iron pellets containing from 0.1 to 1.75 
per cent residual oxygen ccmkAxcd with ircm^ 
preferably from 0.6 to 1^ per c^t^ also allows 
tte formation of a steady^ active boil which 
removes carbon from tte bath fit a predktabie 
and oontroIhdDle xaxt so diat at mdtdown die 
badi of sted contakis the desired or substan- 
tially desired carbon amtent. The steady, ac- 
tive tell also ensures diat tte non-metalSc 
indusioDs hi die sted bath are brought to 
the surface and into tte alag^ giving rise to 
majdmum sted cleanliness. Tte continuous 
feeding of sponge iron pdlets is conttoted 
at a jrate that permits a steady rise of bath 
temperature sudi that die molten steel substan- 
tially reaches the desked tap . temperature con- 
current with completion of die feeding of die 
sponge hm.pellets. A shortened^ or substan- 
tially obviated, time for refining operations^ 
Le. removal of ompurities and adjustment of 
the carten content and teth temperatuxe, 
theref<He $a achieved as is dearly indica^ 
in'Kgure.?. 

^ It will te.qinderstood diat although die de- 
scr^taon of tte mediods of tte presexkt inven- 
ttpn tes jproceeded-^widi reference to "^nge 
iron", this term is intended to encompass dis- 
crete, free-'fiowxng, dron-beoring materials in 
generalj briquettes, granules^ pundiings, bOT- 
Sngs and fragmentized scrap which teve a 
composition vsnidun the range of from 76 per 
cent to 99.5 per cent by weight total icon 
and residual oxygen comhixied widi iron con- 
tent of from 0.1 per cent to 1.75 per cent 
by weiight. 

AOdymg and fluxing materials such as ferro- 
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manganese, fintJsilicQn, Ikac ^^^^^^^'^^^ 
ttoj to used m tbc imnal cha^ can 
be added to the moltsen metal for min i ng 
of the metal widm tlic furnace The finnace 
can be ad^^ to disdiaige refined molten 
metal continuously to a castmg imit wierem 
lite quantity of metal tapped would be tom^t 
into plia« with -rfic quantiqr of tron-Deanng 
inaijerial chaiijed to the famacc. , , 

The apparatus of the present mfvention^ 
te arrehgtti m coi^uncrira w&h & 5<^^/™ 
for itteivkife hot sptmgc iron, caroimased, ir 
d^ired, directly from »id IdlnL - 

, The pt^oit invemion iinay also be used m 
the manufacture of grey cast irwi md tte 
like by recarburizing the bath after mcitaown. 

^{^T WCLAIM IS : — 

1. A method of prodocmg steel contammg 
fioni 0.02 to i-8% carbon from materials con- 
taining fflfetaUic.froii,' in an electric arc fuxxiace> 
compnong forming a m^ pool with a myer 
of dag thereatMJve in the furnaces and then 
cdfitinubtt^ iron^beiaiHig xnaten^ 
in small particulate form, into dafe layer of 
slag above the metal pool at a rate.controHfid 
by refe^nce to the electrical power consump^ 
tioh of the fiimace such that at; the end of 
the introduction of the iron-b^ing inatenal 
the m^ melt is substantially at the tempera- 
ture required for tapping the furnace and pos- 
sesses the desired carboii content. 

2. A mediod as darned in Oaim 1, wherem 
the iion-bearing material is introduced at a 
pc^t a^acent the hot zanes of the arcs m 
&e repcm between the clectjpbdes aaid lie fur- 
nace wall. . 

3. A metlMKl as daimed in Claim 1 or Oaim 

2j wtisrein ^ht iimt^h^^ material has a 
conipoatidn of fnim 76 per. cent to ^.5 per 
c^at by weight total iron with a iresiaiiaa oxy- 
gen cpMent of from 0.1 per cent to 1.75 per 
cedt by weighL ^ ^ ; , 

4. A method as daisiicd m Clamd 3a wherem 
the iron-bearing material has a residual oxygen 
contort <rf from 0,6 per cent to 1.2 per cent 
by wei gb t- 

5. A method as claimed in any pr ec edi ng 
. daim wh^dn the finiiaoe is initially diarged 
■ with SQcap metal, fluxihg, caiboo and alloying 

addxtiviss* . 

6. A rnethod as claimed in Claita 5, whfirem 

tte scrap inetal has an initial caiAdt, content 



higher than the carbon concent of the refined 
steel. 

7. A method as claimed m any pzecedmg 
dahn, whcrem up to 80 per cent of die tcrtal 
metal charge to the furnace as in small particu- 
late form, the total energy 
the furnace being from 250 to 700 KW±t/ton 
of iron-bearing material ^ 

g. A mediod as daimed m any preceding 
daim, wherein said particulate iron-beanng 
nia:terial is sponge iron whidi is produced m 
a rotary kihi and fed hot to the furnace. 

9. A mediod as clahncd in my preceding 
claim, wherein said particulate hxm-beanng 
material is cafbuiized sponge Iron* ^ 

10. A method as claimed m any preceding 
claim, wherein said particolate iron-bearmg 
material is HOa-bearmg sponge Hon. ^ 

11. A method as daimed m any <rf Oauns 
1 to 7, wherein said particulate iron-bewing 
material is fragmentized scrap with free^&iw- 
ing miU scale or fine fcon ore for prowling 
a source of oxygen. ... 

12. A method as clanned m any preoedn® 
daim, wherein at least 3Q% of said parttculate 
iion-bearing material has a pamde size of 
less ihan 3/16 inch, . 

13. A method as claimed in any preoeding 
claim, wherein said particulate iron-bcaimg 
material has a partide size of less than 1/1© 
inch 

14. A medbod as daimed hi any precedmg 
daim, wherein carbonr-bearmg material is 
added to said furnace before tapping the mol- 
ten steel for recaiburizing the steel as giey 
cast iron, , , . ^ 

15. A method as claimed m any precedmg 
clahn, wherein continuous feeding of the dis- 
crete partides particulate iron-bearij^ material 
is begtm after initial charge melthig is substan- 
tially /complete. 

16. A mediod of producmg steel substanti^- 
ly as descAed herdn with reference to ite 
Sxamn^eSf ^ ^ 

17. ' Steel produod by *e neAod as 
daimed in any preceding clafan. 

TREGEAR, TBEEBMANN St BLEACH 
Chattensd Patent -i^jeiitB, 
Melbonme House, 

AMnych, 
London, WX:.2., 
Agents for tbe AppUcanis. 
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